Abstract. Transdermal fentanyl is widely administered as an analgesic therapy for cancer patients. Recently, a novel fentanyl citrate transdermal patch was developed in Japan, which is the first such patch that requires changing only once a day. The patch releases more stable serum fentanyl concentrations and results in less frequent adverse skin symptoms compared with the conventional 72-h transdermal fentanyl patch. A previous study has reported the short-term analgesic effects and safety of this transdermal patch. However, the long-term efficacy has yet to be determined. Therefore, the present study retrospectively investigated the adverse effects and outcomes of treatment with this product in 46 lung cancer patients. In total, 35 (76%) patients were able to continue the treatment until the end of the observation period, including 32 (69%) who succumbed to the disease and three (7%) who were transferred from Nagoya City University Hospital to a hospice. Of the 11 (24%) discontinued cases, six were changed to a course of injectable opioids for the palliation of terminal symptoms, including dyspnea. Adverse effects were observed in 11 (24%) cases, but discontinuation due to adverse effects occurred in only four cases. Therefore, the present study indicates that palliative treatment with the once-a-day fentanyl citrate transdermal patch is well-tolerated by lung cancer patients.
Introduction
Pain is reported in a minimum of one-third of newly-diagnosed cancer patients and in 65-85% of patients experiencing advanced cancer (1, 2) . Opioids are the primary agents used to treat moderate to severe cancer-associated pain, with oral morphine and oxycodone being administered as the predominant analgesics for cancer patients until the 1990s (3) . However, these oral opioids frequently induce digestive side-effects, including nausea and constipation, and advanced-stage cancer patients often find oral intake difficult due to a number of side-effects, including cachexia and mechanical obstruction. Therefore, adhering to oral agent regimens may be challenging for advanced cancer patients (3) .
As an alternative to oral administration, the transdermal route is a noninvasive method of delivering therapeutic agents. For example, transdermal fentanyl provides a similar analgesic efficacy to oral morphine, as well being associated with a low incidence of adverse gastrointestinal events (4) and greater patient satisfaction (5) . Therefore, a number of guidelines currently recommend transdermal fentanyl for the treatment of cancer-associated pain, particularly for patients who are unable to swallow (6) (7) (8) . A novel transdermal patch containing fentanyl citrate was recently developed in Japan, which is the first such patch to require changing only once a day. This novel once-a-day product produced more stable serum fentanyl concentrations and less frequent occurrences of adverse skin symptoms compared with the conventional 72-h transdermal fentanyl patch (9) . Furthermore, a previous study reported the short-term analgesic and adverse effects of this once-a-day fentanyl citrate transdermal patch in lung cancer patients when the product was initially introduced. Decreased pain scores were observed subsequent to switching from oral analgesics in ~60% of patients and the adverse effects appeared to be mild (10) . However, the follow-up period of the aforementioned study was short. Therefore, the longer-term use of this once-a-day fentanyl citrate transdermal patch requires evaluation. In the present study, the long-term use of a once-a-day fentanyl citrate transdermal patch was retrospectively examined in lung cancer patients.
Patients and methods
Between July 2011 and December 2013, 46 lung cancer patients that had undergone treatment with the once-a-day fentanyl citrate transdermal patch at Nagoya City University Hospital were enrolled in the present study. The patients included 38 males and 8 females, with ages ranging between 37 and 83 years (median age, 68.2 years). The most common pathological type was adenocarcinoma (48%). All patients had a clinical cancer stage of IV with the exception of one patient with a stage of IIIb (Table I ). All patients commenced the fentanyl citrate patch treatment during hospitalization and bone metastasis was the most frequent cause of pain. The most common reason for switching between an oral opioid and a once-a-day fentanyl citrate transdermal patch was difficulty with oral intake, followed an adverse effect caused by the oral opioid. The oral opioid was typically oral oxycodone and, in more than one-half of the patients, the switching dose of the once-a-day fentanyl citrate transdermal patch was 1 mg. In all patients, rescue dose of opioid was prepared and NSAIDs was used as combination drug therapy in 21 patients.
Commercialized optimal dose conversion values were used to determine the fentanyl citrate patch dosage required from the oral opioid dose administered (Table II) . The adverse effects of opioid therapy were evaluated by healthcare workers, according to the National Cancer Institute Common Toxicity Criteria version 4.0 (11). Treatment after the initiation of a fentanyl citrate transdermal patch was managed by each primary physician and the treatment outcome, including the treatment length, any reasons for changes to treatment and followed treatment and post-fentanyl citrate transdermal patch treatment, was obtained from each clinical record. The treatment length for the fentanyl citrate transdermal patch was between 1 and 516 days (mean, 53.5 days). The present study was approved by the ethics committee of Nagoya City University Graduate School of Medical Sciences (Nagoya, Aichi, Japan) and written informed consent was obtained from all patients.
Results
Adverse effects of the once-a-day fentanyl citrate transdermal patch (Table III) . Adverse effects of the once-a-day fentanyl citrate transdermal patch were observed in 11 out of 46 (24%) patients. The most common adverse events were nausea and drowsiness, observed in three patients (7%) each, and all adverse events exhibited were within grades I and II, excluding one case of grade III nausea. There was no incidence of a rash that required medication. Furthermore, an adverse hepatic effect was observed in one patient, in which a grade II increase in aspartate transaminase (AST) and alanine transaminase (ALT) levels occurred nine days after commencing treatment with the transdermal patch. The fentanyl citrate transdermal patch treatment was subsequently terminated and oxycodone hydrochloride hydrate treatment commenced, causing the hepatic disorder to resolve and the AST and ALT levels to return to within the normal ranges (AST, normal range, 13-33 U/l; ALT, normal range, 6-30 U/l). (Table IV) . Use of the once-a-day fentanyl citrate transdermal patch was continued until the end of the observation period in 35 out of 46 (76%) patients, including 32 who succumbed to the disease (69%) and three who were transferred from Nagoya City University Hospital to a hospice (7%). Furthermore, the mean survival period, from commencing the once-a-day fentanyl citrate transdermal patch to mortality, was 62.7 days. In the present study, 39 out of 46 (85%) patients required an increase in the dose of the fentanyl citrate transdermal patch; however, no patients required the treatment to be terminated due to a lack of pain control. Of the 11 patients that discontinued treatment, six (13%) changed treatment strategy to injectable opioids for the palliation of terminal symptoms, such as dyspnea. Of these six cases, five underwent morphine hydrochloride injections following treatment with the fentanyl citrate transdermal patch. In addition, the mean survival period subsequent to changing between the once-a-day fentanyl citrate transdermal patch and injectable opioids was ~7 days, which was calculated by subtracting the mean survival during fentanyl treatment (49.7 days) from the mean total survival (56.8 days).
Treatment outcome with a once-a-day fentanyl citrate transdermal patch
Furthermore, four patients (9%) did not continue with fentanyl treatment due to adverse effects, including two patients developing nausea, one developing somnolence and one developing an increased AST/ALT ratio, and one patient demonstrated difficulty with oral rescue opioid intake due to mechanical obstruction of the esophagus.
Discussion
The use of oral opioids is recommended as a basic strategy for the treatment of cancer-associated pain, according to the World Health Organization guidelines (3). However, advanced cancer patients commonly find oral intake challenging due to a number of side-effects, including cachexia or mechanical obstruction, thus, adhering to oral therapy regimens until mortality is often challenging (12) . In the present study, 32 out of 46 (69%) patients continued treatment with the once-a-day fentanyl citrate transdermal patch to mortality. In the cases that required opioid injections subsequent to treatment with the fentanyl citrate transdermal patch, the mean survival time from commencing injectable opioid therapy was just one week. These results indicate that treatment with a once-a-day fentanyl citrate transdermal patch may be continued for the majority of the time until mortality. Furthermore, a previous study reported the safety and analgesic effects of this treatment when switching from oral opioid treatment (10) . The present and previous results indicate that the once-a-day fentanyl citrate transdermal patch may be useful for the treatment of lung cancer patients experiencing pain.
Nausea, vomiting and drowsiness have previously been reported as adverse events in >5% of patients treated with the once-a-day fentanyl citrate transdermal patch (9), similar to the proportion affected by traditional transdermal fentanyl therapy. Consistent with this previous report, the present study observed nausea and drowsiness as the most common adverse effects (9) . However, the majority of patients in the present study experienced mild adverse effects. As numerous patients in the current study were in the late stages of lung cancer, the degree and frequency of the adverse effects were considered tolerable. However, one patient developed an increase in the ALT/AST level. Lung cancer often results in liver metastases (13) , and numerous agents are concomitantly used in the treatment of such patients, therefore, when liver damage is identified, it is necessary to consider the fentanyl patch as a potential cause.
Termination of the fentanyl citrate transdermal patch was required in six cases (13%) in favor of injectable opioids for the palliation of symptoms, including dyspnea. The efficacy of morphine for the palliation of dyspnea in cancer patients is well-documented (14, 15) , and a recent randomized crossover clinical trial identified that the administration of oral transmucosal fentanyl citrate does not appear to improve exertional dyspnea in patients with advanced cancer, compared with the placebo (16) . In lung cancer, the majority of patients exhibit dyspnea in the terminal stage (17) . Therefore, the use of morphine may continue to be considered when dyspnea occurs during treatment with the fentanyl citrate transdermal patch.
Limitations of the present study include its retrospective nature and the inclusion of just one clinical study center. Furthermore, the types of underlying disease were limited to lung cancer and the patient cohort was limited to hospital inpatients. Despite the once-a-day fentanyl citrate patch being utilized by homecare patients and outpatients, these patients were not included in the current study. Furthermore, the present study included three patients who could not be followed up until mortality as they changed the hospital at which they were undergoing treatment. Therefore, it is possible that other adverse effects occurred during their remaining survival time.
The results of the present study indicate that the once-a-day fentanyl citrate transdermal patch is an acceptable long-term strategy for the treatment of cancer-associated pain control in lung cancer patients. Additional prospective clinical trials are required to evaluate the clinical efficacy of the once-a-day fentanyl citrate patch.
